(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




(19) World Intellectual Property Ottanization 
Inteinadoaal Buteaii 

(43) International Publication Date (10) Intemational PubUcatioB Number 

28 June 2001 (28.06.2001) pCT WO 01/46502 A 1 

(51) Intematiimal Patent Classification^: D02G3/00, Steven [GB/CB]; Yew Itee House, WMtestuU, Sliroud 

A63H 3/31. S/00,B60R 21/16 GL66AR (GB). BARNES^ John, J. [GB/GB]; BalcMeld 

House, Dyniock GL18 2AD (GB). 

(21) International Application Number: P(Cnr/US0(]m398 

(74) Agent: MEDWICK, George, M.; E L du Pont de 

(22) International Filing Date: Nemours and Company, Legal Patent Records Center, 

19 December 2000 (19.12.2000) 1007 Market Street, Wilmington, DE 19898 (US). 

(25) FUingLan^e: Englidi ^gj, Designated States 0»««o«a/;: CA.JP.KR,US. 

(26) Pablication Lamaiage: Ensjisii 

(84) Designated States fregioTJo/;: European patent (AT, BE, 
(30) Priority Data: CH, CY. DE, DEi ES. H. ER, GB, GR, IE, IT, LU, MC. 

9930193.9 20 December 1999 (20.12.1999) GB NL. FT, SB, TR). 

(71) Applicant (?<>r off designated States except US): E,L DU Publislied: 

PONT]>£N£MOURSANDCOMFANY[US/US];1007 — WUh international search report. 
Maifett Street; Mimingtrai, DE 19898 (US). 

Fnw two-letter codes and otixr abbreviations, refer to the "Quid- 
I (72) Inventors; and anceNotesmCodesaruiMbrevumm''(^eaiirigcatheb^in- 
I (7^ Inv<»itors/AppUcante (?Sir US mify)t BBOWNt ieth^ey, rang cfea^regidar issue <rf the PCT Gazette. 



I 



< 

tfi — . . , - ■ ■ - - --; . ■ ■ : ; . . ■ — . ^ 

)0 (54) Title: AIRBAG FABRICS MADE FROM HIGH DENIER PER FBLAMENT YARNS 

^ (57) Abstract: An aiibag fatnic is made bom multifilament yams each conq>rised of a plurality of individual filaments, widi each 
_ filament having a linear density in the range from about eijjit (8) decitex to about eleven (11) decitex per filament, and mor« pref«- 
^ ably a linear densi^ in the range from about nine (9) decitex to alwut eleven (11) decitex per filament The fabric has a circular 
bendsti&ess in the range of about f our (4) Newtons to abKiut seven (7) Newtons, as measured in accordance with ASTM method 
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AIRBAG FABRICS MADE FROM HIGH 

Field ef the Invention This invention relates to 
5 fabrics for airbags woven from high decitex per filament 
multifilament synthetic polymer yarns. 

Description ef Related Art Fabrics used in airbags 
should exhibit high strength, low air permeability, and the 
ability to fold to the least necessary volunie. United 
10 States Patent 5,508,073 (Krummheuer; et al,) teaches that 
advantageis in air permeability and specific stiffness are 
possessed by fabrics made from multifilament polyamide 
yarns having individual filament fineness of less than five 
(5) decitex per filament, and more particularly, having 
15 individual filament fineness of less than four (4) decitex 
per filamfent. 

Airbag fabric constructed from blended yarns 
containing a portion of high decitex per filament yarns and 
a portion of low decitex per filament yarns are known from 
20 published PCT application WO 98-31854 (LaLonde et al.). 
The high decitex per filament component is selected from 
the range of. five . (5)' to fourteen (14) decitex per : 
filament, while the lower linear density per filament yarn 
is selected from the range of 1.5 to five (5) decitex per 
25 filament. The ratio of the components in the LaLonde et 
al, blended yarn is selected from the range of 1:1 to 1:5 
(coarse : fine) . 

It is believed advantageous to provide a fabric for an 
airbag made from a multifilament polyamide yarn which takes 
30 advantage of the strength inherent in filaments of a high 
decitex yet which provides the foldability and air 
permeability performance of filaments with a low decitex. 



SUMMARY OF THE INVENTION 

The present invention is directed to a wpveri fabric 
for use in manufacturing airbag;. The fabric is made 
from a plurality synthetic polymer multifilament yarns 
5 extending in substantially perpendicular warp and weft 

directions. Each multifilaraent yarii comprises a plurality 
of individual filaments with each individual filament 
having a linear density in the range from about eight (8) 
decitex to about eleven (11) decitex per filament, and more 

10 preferably, a linear density in the range from about nine 

(9) decitex to about eleven (11) decitex per filament. The 
fabric has a circular bend stiffness in the range of about 
four (4) Newtons to about seven (7) Newtons> as measured in 
accordance with ASTM method D4032-94. 

15 Preferably, the multifilament yarns have a linear 

density (yarn titer) in the range from about two hundred 
(200) to about six hundred (600) decitex, and more 
preferably, in the range from about two hundred fifty (250) 
decitex to about five hundred fifty (550) decitex. 

20 Such multifilament yarns are woven in substantially 

perpendicular warp direction and weft directions, as in a 
plain weave fabric. The typical fabric sett is from 
eighteen (18) to twenty-five (25) yarns per centimeter in 
either warp or weft directions. Fabrics of this type have 

25 a circular bend stiffness, also known as "King" stiffness, 
of 0.9 pounds of force (four Newtons) to about 1.6 pounds 
of force (7.1 Newtons) as measured according to ASTM method 
D4 032-94. Fabrics constructed from the preferred yarns 
have an areal density of about one hundred twenty-five 

30 (125) grams per square meter to about two hundred fifty 
(250) grams per square meter. 

Fabrics ma<ie of heavy decitex per filament yarns in 
accordance with the present invention provide airbags that 
are lighter in weight and have improved. foldability as 
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measured by circular bend stiffness, the fabric's 
resistance to circular bending. 

Suitable synthetic polymers from which preferred high 
decitex filament yarns are prepared include: nylon 66, 
5 nylon 6> nylon 46, nylon 12, nylon 612, and polyesters like 
2GT/ 2GNV 3GN and 3GT. Nylon 66 is an especially preferred 
polymer for the high decitex multifilament yarns in 
aGCordahce vfith the present invention. 

DESCRIPTION OF THE PBEl^BREO EMBODIMENT 
10 The present invention is dirisdted to an improved 

synthetic polymer woven fabric for use in airbags. The 
fabric is constructed from a plurality of high decitex 
multifilament yarns in both the warp and weft directions of 
the fabric. 

15 Preferably each individual filament in a multifilament 

yarn is a high tenacity fiiameat: with a linear density in a 
range of about eight (8) deeit<sx per filament to about 
eleven (11) decitex per filament . More preferred are 
individual filaments having a linear density of between 

20 nine (9) decitex and eleven (11) decitex. 

The preferred high decitex multifilament yarns have a 
linear density (yarn titer) in a range from about two 
hundred (200) to about six hundred (600) decitex. More 
preferably, the high decitex multifilament yarn has a 

25 linear density in a range from about in the range from 

about two hundred fifty (250) decitex to about five hundred 
fifty (550) decitex. 

The high decitex multifilament yarns are woven in 
substantially perpendicular warp direction and weft 

30 directions, as in a plain weave fabric. The typical fabric 
sett is from eighteen (18) to twenty-five (25) yarns per 
centimeter an either warp or weft directions. Fabrics of 
this type have a circular bend stiffness, also known as 
"King" stiffness, of 0.9 pounds of force (4..0 Newtons) to 
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about 1.6 pounds of force {7.1 Newtons) as measured 
according to ASTM method p4 032-94. This ASTM method is 
hereby incorporated by reference. 

Fabrics constructed in accordance with the present 
5 invention have an areail density of about one hundred 
twenty-five (125) grams per square meter to about two 
hundred fifty (250) grams per square meter. Fabrics made 
of heavy decitex per filament yarns in accordance with the 
present invention provide airbags that arie lighter in 

Id weight and have improved foldability as measured by the 
fabric's resistance to circular bending. 

Surpri singly > it haS; been found that a plain weave 
fabric made from high decitex multifilament yarns in both 
the warp and weft directions with an individual filament 

15 linear density in the -range from about eiCfht (8) decitex 
per filamfent to about eleven (11) decitex are not high in 
stiffness.- Based on mea^^ of fabric circular bend 

stiffness, fabrics in accordance with the present invention 
have a reduced circular bend stiffness and easy foldability 

20 superior to conventional airbag fabrics. Circular bend 
stiffness is directly related to ease of foldability of 
fabrics and thus correlate to smaller airbag package size 
and to better unfolding of the airbag in deployment. 

Fabrics made from higher decitex per filament yarns in 

25 accordance with the present invention are believed to 

achieve an optimum balance between fabric seam strength, 
fabric weight and weaving intensity. Prior art airbag 
fabrics using lower decitex filament yarns require a higher 
yarn density and more yarns per centimeter if such fabrics 

30 are to exhibit the tensile strength required to provide 
necessary seam strength. The advantage of such low mass 
fabrics is, however, offset by the higher cost of high 
weaving intensity. ; _ 



A second advantacje achieved by fabrics of the present 
inventidn is the light.er'-weifht that reduced yairn linear 
density provides. Increasingly, lighter-weight fabrics are 
used to lower airbag raomentum and potential Injury to 
5 vehicle occupants caused by normal airbag deployment. 

Depowered airbags and lighter fabrics both play a role in 
this effort. The present invention is able to provide a 
light-;weight fabric of high strength and foldability from 
higher decitex per filament yarns than yarns of prior use 

10 in airbag fabrics. 

A further advantage of the present invention lis the 
ease with which are filaments are woven into fabrics 
without filament damage. In weaving via entirely 
conventional means (water jet, air jet and rapier) fewer 

15 broken filaments due handling are encountered. As a 

result, the weaver Using higher decitex per filament yarns 
in accordance with the present invention is afforded 
productivity gains and cost advantages not available with 
much finer decitex filaments yarns. 

20 A yet further advantage in fabric performance 

resulting from the use of high decitex per filament yarn 
include a surface area to volume ratio lower than prior art 
yarns. Treatments like fabric scouring to remove process 
finishes are accomplished at higher productivity as a 

25 result of lower fdlament surface to volume ratio. 

No new or special processes are needed to post-treat 
fabrics made in accordance with the present invention 
invention. Specifically, when fabric coatings are used, 
like silicone rubber at twenty (20) to forty (40) grams per 

30 square meter, these coatings modify the air permeability of 
the fabrics to achieve the industry standard of less than 
ten (10) liters per square decimeter per minute at an 
applied test differential pressure of five hundred (500) 
Pascals. Entirely conventional coatings and means to apply 
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the coatings are appropriate for the fabrics of the present 
invention. Fabrics of the present invention are amenable 
to coating using: knife, roller, dip, extrusion and other 
coating methods, with coating materials such as silicones, 
polyurethanes, rubbers, blends of these materials and other 
coating products useful for airbag application. 

It is believed the advantages of high decitex per 
filament yarns in fabrics for airbags may be realized from 
multifilament yarns prepared using a variety of synthetic 
polymers. The high decitex multifilament yarns used for 
the fabrics of the present invention may be prepared from 
any of nylon 66, nylon 6, nylon 46, nylon 12, nylon 612, 
polyester 2GT (polyethylene terephthalate) , polyester 2GN 
(polyethylene naphthalate) , polyester 3GN (polytrimethylene 
naphthalate) and polyester 3GT (polytrimethylene 
terephthalate polymers. Nylon 66 is an especially 
preferred polymer for the fabrics made of high decitex 
multifilainent yarns in accordance with the present 
invention . 

TEST METHODS 

The circular bend stiffness (or "King" stiffness) test 
method is a standard procedure for fabrics specified by the 
above-incorporated ASTM method designated D4032-94. The 
method forces a flat folded fabric swatch through a 
standard orifice. The maximtim force required to push the 
fabric through the orifice is correlated to the fabric 
stiffness or its resistance to circular bending. The 
results, a force measurement, are reported directly in 
pounds of force or Newtons (with one pound of force being 
equal to 4 .447 Newtons) . 

YftBN PBEPABATION 

All yarns used in the construction of the fabrics 
summarized in The Table were melt spun from homopolymer 
nylon 66. A heat stabilizer additive package was present 



in the polymer. Each filament of the yarn was of round 
cross section,— and contained no' delusitera^^ 
were manufactured usin^ a conventional melt spinning 
process with coupled draw stages and windup. The yarns 
5 were oiled with a finish at 0.8% by weight of yarn. The 
nominal denier per filament for Examples 1, 2, 3 and 7 was 
8.24 denier (9.15 decitex) . Denier per filament was 
measured taking the weight in grams of four hundred fifty 
(450) meters of yarn, multiplying by twenty (20) and 
10 dividing by the number of filaments in the weighed yarn 
sample. Decitex is equal to dehier- multiplied by the 
fraction 10/9. 

FABRIC PREPARATION 

: Each of the fabrics for Examples 1 through 5 in the 
15 Table were woven using a conventional rapier weaving loom. 
The fabrics for: Examples 6 and 7. in the Table were woven 
using a conventional water^ jet Wieaving Idom. All fabrics 
were woven in a plain weave without fabric size at settings 
and speeds typical of commercial weaving practice. After 
20 weaving the fabrics were scoured in water and dried and 
heat-set using conventional commercial practice methods. 
All fabrics were uncoated. . 



WP 01/46502 



The Examples are suitimarized in the Table. 



TABLE 





Yarn 


Fil. 


Denier per 


Harp/ inch 


Coy^ 


Fabric 


E^ric 


Circular 






















(yam 
dtex) 




(dtex/fil) 


Weft/inch 






Hil (sm) 


Stiffness 
lb. Foxes 
(Hewton) 


1 


280 


34 


8.2 


53 


0.71 


142 


9.9 


0.95 




(311.5) 




(9.2) 


X 

52 






(0.25 


(4.2) 


2 


280 


34 


8.2 


55 


0 .76 


152 


9.9 


1 




(311.5) 




(9.2) 


57 






(0.25 


(4.4) 


3 


280 


34 


8.2 


61 


0.82 


164 


9.9 


1.45 




(311.5) 




(9.2) 


X 

60 






(0.25 


(6.4) 


4 


210 


68 


3.1 


63 


0.81 


136 


9.9 


0.63 


(COMPAIO.- 


(235) 




(3.4) 


X 






(0.25 


(2.8) 


tive) 








66 










5 


315 


96 


3.3 


6(5 


0.91 


191 


11.02 


1.62 


(CCHPABft- 
TIVE) 


(350) 




(3.7) 


X 

60 






(0.28 


(7.2) 


6 


420 


68 


6.2 


49 


0.86 


202 


9.9 


1.92 


<COHPARA.- 
TIVE) 


(470) 




(6.9) 


X 

49 






(0.25 


(8.5) 


7 


420 


51 


8.2 


49 


0.86 


202 


9.9 


1.47 




(470) 




(9.2) 


■ X 
49 ■■■ 






(0.25 


(6.5) 



5 

Examples 1, 2 and 3 (Invention) 

Examples 1> 2, and 3 exhibit the properties of 
light-weight fabrics made from high decitex per filament 
yarns. In each case a 280 denier (311.5 decitex) nylon 66 
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yarn of 8.24 denier (S'.ll decitex) per filament (34 
filaments in each yarr. bundle) was tightly woven into a 
fabric of the following construction: 



Cons-baiilgtion 



5 



Warp X Weft 



Waxrp Wef t 



Exaiaple 



(Yarns per innd^) 



(Yams per can) 



1 



53 X 52 



20.8 X 20.5 



2 



55 X 57 



21.6 X 22.4 



3 



61 X 60 



24.0 X 23.6 



10 



Exaii^le 1 was a 53 yarns-per-inch by 52. yarns-per- 



inch fabric with properties reported in the Table. The 
areal density of 142 grams per square meter was quite 
comparable with very light fabrics constructed from much 
fine denier per filament yarns. The fabric cover factor 

15 was 0.71, determined according to the definition disclosed 
in PCT Publication w698-|-d0592 (Bowen et al. , assigned to 
Milliken Research Corp.) . Fabric cover factor varies 
linearly with fabric areal weight. The circular bend 
stiffness of Example 1 was 4.2 Newtons. 

20 Example 2 was a 55 yarns-per-inch by 57 yarns-per-inch 

fabric with properties reported in the Table. The fabric 
cover factor was 0.76. The areal density of 152 grams per 
square meter was quite comparable with very light fabrics 
constructed from much fine denier per filament yarns. The 

25 . circular bend stiffness of Example 2 was 4.4 Newtons . 

Example 3 is a 61 yarns-per-inch by 60 yarns-per-inch 
fabric with properties reported in the Table. The fabric 
cover factor was 0.82. The areal density of 164 grams per 
square meter was comparable to light-weight fabrics 

30 constructed from much finer denier per filament yarns. The 
circular bend stiffness of Example 3 was 6.4 Newtons. 



diecitexl per filament, (68 fiiaments in each yarn bundle) 



Example 4 (coDoparatiiVe) 

Yarn of 210 denier (235 decitex), 3.1 denier (3.4 



was woven into a fabric having 63 warp yarns-per-inch {24.8 
per centimeter) and 66 weft yarns-per-inch (26 per 
centimeter). The fabric cover factor was 0.81. The fabric 
areal density was 136 grams per square meter, 
5 characteristic of very light-weight commercial airbag 

fabrics. This fabric had a circular bend stiffness of 2.8 
Newt on s . 

Example 5 (comparative) 

Yarn of 315 denier (350 decitex) , 3.3 denier (3.7 

10 decitex) per filament, (96 filaments in each yarn bundle) , 
was woven into a fabric having 60 warp yarns-per-inch and 
60 weft yarns-^per-inch (23.6/cm x 23,6/cm) . The fabric 
cover factor was 0.91. The fabric areal density was 191 
grams per square meter, typical of commercial airbag 

15 fabrics from fine decitex per filament yarns. This fabric 
had a circular bend stiffness of 7.2 Newtons. 

Exaiqple 6 (coinpaxative) 
Yarn of 420 denier (470 decitex), 6.2 denier (6.9 
decitex) per filament, (68 filaments in each yarn bundle) 

20 was woven into a fabric having 4 9 warp yarns-per-inch and 
49 weft yarns-per-inch (19.3 per centimeter x 19.3 per 
centimeter) = The fabric cover factor was 0.86. The fabric 
areal density was 202 grams per square meter, typical of 
commercial airbag fabrics. This fabric had a circular bend 

25 stiffness of 8.5 Newtons. 

Yarn of 420 denier (470 decitex), 8.2 denier (9.2 
decitex) per filament, (51 filaments in each yarn bundle) 
was woven into a fabric having 49 warp yarns-per-inch and 
30 49 weft yarns-per-inch (19.3 per centimeter x 19.3 per 

centimeter) . The fabric cover factor was 0.86. The fabric 
areal density was 202 grams per square meter, typical of 
commercial airbag fabrics. This fabric had a circular bend 
stiffness of 6.5 Newtons. 



in 



I^lscussion 

The fabric of Comparative Example 6 was made of a 
multifilament yarn with a linear density of 6.2 denier (6.9 
decitex) per filament and had a circular bend stiffness of 
5 8.5 Newtons. By contrast, the fabric of Invention Example 
7 was made of a multifilament yarn with a linear density 
8.2 denier (9.2 decitex) per filament and had a circular 
bend stiffness of 6.5 Newtons. Surprisingly, the circular 
bend stiffness for fabric of Invention Example 7 is only 

10 about seventyr-six percent (76%) of the prior art fabric of 
Comparative Example 6. This reduction in fabric bending 
resistance translates into superior ease of folding for an 
airbag constructed of a fabric made from the high decitex 
per filament yarns in accordance with the present 

15 invention. 

The fabric of Comparative Example 5 was made of a 
multifilament yarn with a linear density of 3.3 denier (3.7 
decitex) per filament and had a circular bend stiffness of 
7.2 Newtons. By contrast, the fabric of Invention Example 

20 3 was made of a multifilament yarn with a linear density of 
8.2 denier (9.2 decitex) per filament and had a circular 
bend stiffness of 6.4 Newtons. The circular bend stiffness 
for fabric of Invention Example 3 was only about eighty- 
nine percent (89%) of the circular bend stiffness for the 

25 prior art fabric of Comparative Example 5. This again 
resulted in superior ease of folding for an airbag 
constructed of a fabric made from the high decitex per 
filament yarns in accordance with the present invention. 



WHAT is CLAUSED IS: 

1. A woven fabric for use in raahufacturing an airbag, 
the fabric being made from a plurality synthetic polymer 

5 multifilament yarns extending in substantially perpendicular 
warp and weft directions, wherein the improvement comprises: 

each said multifilament yarn itself comprising a 
plurality of individual filaments, each filament having a 
linear density in the range from about eight (8) decitex to 
10 about eleven (11) decitex per filament, 

said fabric having a circular bend stiffness in the 
ranige from about four (4) Newtons to about seven (7) 
Newtons, . as measured in accprdanee with ASTM method D4032- 
94. 

■15 ■ ■ ,-. ■ 

2. The fabric of claim 1 wherein each multifilament 
yarn has a linear density in the range from about two 
hundred (200) to about six hundred (600) decitex. 

20 3. The fabric of claim 2 wherein each multifilament 

yarn has a linear density in the range from about two 
hundred fifty (250) decitex to about five hundred fifty 
(550) decitex. 

25 4. The fabric of claim 1 wherein each filament having 

a iiriear density from about nine (9) decitex, and wherein 
the fabric has a fabric sett in the range from about 
eighteen {18) to about twenty-five (25) yarns per 
centimeter in both the warp and weft directions and an 

30 areal density in the range from about one hundred twenty- 
five (125) grams per square meter to about two hundred 
fifty {250) grams per square meter. 



5. Thje fabric of claim 1 wherein each multifilament yarn 
is made from a ppLymer selected from the group consisting of: 
nylpti 66; nylon 6; nylon 4,6 • nylon 12;. nylon 6,12; polyester 
2GT; polyester 2GN; polyester 3GN; and polyester 3GT. 

6. The fabric of claim 1 wherein each filament has a 
linear density in the range from about nine (8) decitex to 
about eleven (11) decitex. 
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